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Abstract 

Simple cost effective techniques for alleviating water supply 
deficiencies in a residential sprinkler system installed in a 
one- or two-family dwelling have been examined. The equipment 
associated with compensating for an inadequate municipal water 
supply using water storage tanks, booster pumps, and large 
diameter pipe have been investigated for efficiency and cost 
effectiveness. 

Hydraulically-designed, NFPA 13D, residential sprinkler 
systems in seven residences were used to carry out this research. 
The seven selected floor plans of one- and two-family dwellings 
included in this project were representative of a wide range of 
designs currently being utilized in actual residential 
subdivisions under construction at the time of the project in the 
Baltimore-Washington area. 

The simple technique for determining the installation cost of 
a sprinkler system was formulated following an analysis of the 
sprinkler system versus the key design features of the dwelling. 
Emphasis was placed on developing a technique which ws accurate 


and easy to apply with minimal time and effort. 
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1. INTRODUCTION 

Automatic sprinkler systems installed in residential 
occupancies have been postulated to significantly reduce the life 
loss due to fire (1-4). Except for a collection of case studies 
from a limited number of actual fire incidents involving the 
operation of a residential sprinkler system, the data base is 
insufficient to permit an empirical analysis of performance (2). 
Analyses by Budnick (3) and Gomberg (4) have been conducted 
projecting the potential impact of a residential sprinkler 
system. Budnick (3) Pecos tes the capability of a residential 
sprinkler system to protect building occupants as a function of 
selected fire scenarios and occupant characteristics. Gomberg 
(4) used a decision model to estimate the impact ares residential 
sprinkler system. 

Typically the presence of sprinkler systems in commercial 
occupancies is mandated by building codes or recommended by the 
insurance underwriters. The installation of a sprinkler system 
involves an additional construction cost to a building. However, 
in commercial occupancies numerous design options are available 
to offset the additional cost of the sprinkler system. Unlike 
commercial construction, there are no widely recognized trade- 
offs in residential construction which can be taken advantage of 
in one- and two-family residential dwellings. 

Thus, in the absence of code mandates, design options, or 
incentives from insurance, it is doubtful residential sprinkler 
systems can gain widespread acceptance by the public without 


being inexpensive (5). In 1980, Shaw identified the need to ; 


assess the cost effectiveness of residential sprinkler systems as 
part of an effort to increase the acceptance of these systems by 
the general public (5). Since that time, numerous projects have 
been conducted to assess the cost effectiveness of individual 
system components such as a backflow prevention device (6). 
Economic analysis of residential sprinkler systems have been 
conducted to estimate installation costs and fees and incentives 
such as tax or insurance premium reductions (3-5, 7-9). 

The installation cost of a residential sprinkler system is 
dependent on the design parameters of the system. The 
influential system design parameters include, length, diameter 
and type of pipe, number of sprinkler heads, fittings, valves and 
miscellaneous other components, as well as labor costs for 
installation, design costs and local fees (5). The water supply 
often entails a major cost associated with commercial sprinkler 
systems. For residential sprinkler systems, the water supply . 
cost may be substantial if it is necessary to supplement an 
inadequate municipal water supply or provide a water supply 
source where none exists. 

Supplementing an inadequate water supply system can be 
accomplished by several means, including water storage tanks 
(pressurized or unpressurized), booster pumps, large diameter 
pipe and variations in piping configuration. A cost and level of 
effectiveness can be associated with each supplementary means of 


correcting the water supply inadequacy. 


2. WATER SUPPLY REQUIREMENTS 

Minimum water flow requirements for residential sprinkler 
systems are stipulated in NFPA 13D, "Standard for the 
Installation of Sprinkler Systems in One- and Two-Family 
Dwellings and Mobile Homes" (10). Considering these 
stipulations, a hydraulic analysis can be performed to determine 
the water flow and pressure required to adequately supply the 
sprinkler system. 

2.1 NFPA 13D Requirements 

NFPA 13D includes requirements for the minimum water demand 
rate from one and two sprinklers flowing and the minimum flow 
duration to be considered if water is placed in storage for 
sprinkler protection. The design criteria for the water demand 
rate is as follows: 

1. 18 gallons per minute (gpm) (68 liters per minute) from one 
operating sprinkler head. 

2. 13 gpm (49 liters per minute) from each of two operating 
sprinkler heads. 

I= water is placed in storage for sprinkler protection, a 
sufficient quantity must be stored to provide at least the water 
demand rate (26 gpm) for a minimum of ten minutes, i.e. 260 
gallons. 

2.2 Hydraulic Analysis of Water Demand Requirements 

A hydraulic analysis can be performed to determine the 
domestic water pressure and flow characteristics necessary to 
adequately supply the residential sprinkler system and comply 


with NFPA 13D criteria. The results of a hydraulic analysis will 


be dependent on the sprinkler head, pipe diameter, length and 
configuration, elevation changes, and diameter of meter, valves 
and fittings»s,-In order. to conductthis portion.of .the study, 
residential sprinkler systems were designed by Clark and Coutts 
(11) for seven different residences. The floor plans for the 
seven residences were obtained from construction sites in the 
Baltimore, Maryland - Washington, D.C. area. 

The seven floor plans were selected based on a desire to 
develop designs for a diverse group of residences, while limiting 
the number of plans included in the study to a reasonable level. 
The dwellings ranged in floor area from 1,482 to 3,480 square 
feet. 

The design of the sprinkler systems for the seven residences 
was based on the requirements of NFPA 13D (10). Sprinkler 
protection was provided in sleeping, living and working areas. 
Since NFPA 13D does not require protection in certain areas, no 
Sprinkler protection was provided in small bathrooms; attached 
porches and garages; and attics and crawl spaces not used or 
intended for living purposes or storage. Schematic designs of 
the sprinkler systems for the seven residences are included in 
Appendix A. 

A comprehensive discussion of the sprinkler system design 
details and hydraulic analysis are included in a report by Clark 
and, Coutts .(411,),. 

2.2.1 Sprinkler Head Locations 
The total room areas were used to calculate the minimum 


number of sprinkler heads required for each room. The maximum 


coverage area criterion of 144 square feet per head from NFPA 13D 
was utilized (10). Sprinkler heads were located within the rooms 
as symmetrically as possible. The separation distance between 
sprinklers was 8 to 12 feet. The maximum distance between a 
sprinkler and a wall was limited to 6 feet. Sidewall sprinklers 
were located primarily in corridors. 
2.2.2 Sprinkler System Pipe Layout 

The sprinkler system was connected to the domestic water 
Supply, ahead of the water meter. Riser locations were intended 
to be representative of typical domestic water supply locations. 
Pipe configurations were selected to minimize the distance to the 
riser and the total length of pipe. To simplify installation, all 
pipe was chosen to be the same diameter. 

The domestic supply was assumed to be a 1 inch copper pipe. 
The. distance to the city main from the domestic riser was 
Sie Leamil Voce lected acs 25.0 reet ror all residences. The city 
main was assumed to be unlined 8 inch cast iron pipe buried 3.0 
feet below eons as is typical in the Baltimore, 
Maryland-Washington, D.C. area. Other details of the residential 
sprinkler system designs may be obtained from Appendix A. 
2.2.3, Sprinkler Head Performance Criteria 

NFPA 13D requires a sprinkler discharge of 18 gpm for a 
Single operating sprinkler, and 13 gpm each for two sprinklers 


operating in the same room. The minimum pressure required at the 


head for the two flow requirements can be derived from the 


relationship: 
Spake S 
Where Q = flow from sprinkler head, (gpm) 
k = constant, from manufacturer's literature 
Pp = water pressure required (psi) 


Using a k value of 3.85, representative of a typical 
residential sprinkler head, the minimum pressures at the 
sprinkler heads were determined as follows: 

One operating sprinkler (18 gpm): 21.9 psi 

Two operating sprinklers (13 gpm): 11.4 psi 
2.2.4 Water Demand Requirement 

Sprinkler head requirements were entered into Hypercalc 
version 4.0 (12) along with other system parameters including 
pipe distances and diameters, fitting details, etc. The analysis 
was conducted for sprinkler systems with 3/4 inch and 1 inch CPVC 
plastic pipe. All risers were assumed to be 1 inch, schedule 10 
steel. In addition, only schedule 10 steel pipe was used in the 
basement because of the likelihood of the pipe being exposed. 

The water demand requirement was calculated at a reference 
point on the municipal water supply system, labeled hydrant C, 
such that the pressure requirements were met at the remote 
sprinkler head(s). The distance to hydrant C on the municipal 
system was maintained constant for all residences at an 
arbitrarily selected) valuelofaz50 feet. Obviously, this distance 
could change with different house locations in actual situations. 


However the affect of this distance variation is considered 


insignificant due to the negligible friction losses associated 
with the low flow rate encountered in an 8 inch pipe. The water 
demand requirements at the point of cross-connection of the 
residential sprinkler system with the domestic water system 
(point AA on the schematics in Appendix A) for the seven 
residences and two diameters of CPVC pipe are included in Table 
1. The water demand requirement at hydrant C for the seven 
residences using 3/4 inch and 1 inch CPVC pipe are presented in 
Lables 2 . 

The water demand requirements were determined assuming 
metering of the sprinkler system was not required. This practice 
is common in commercial occupancies and has been permitted in 
residential occupancies in some instances. However, based ona 
telephone survey of water company authorities in the Baltimore, 
Maryland - Washington, D.C. metropolitan area, all authorities 
reported that single-family residential fire sprinkler systems 
must be metered. 

Metering of the sprinkler system affects the water demand 
requirements in two ways. First, flow through the meter is 
accompanied by friction loss. The magnitude of the friction loss 
depends on the water flow rate and meter size. The friction 
losses associated with water meters noted in Table 4-4.3 (d) of 
NFPA 13D is included in Appendix B. The friction losses 
indicated in the table are conservative, considering the variety 
of water meters available. 

The water demand requirements noted in Tables 1 and 2 can be 


adjusted to account for the friction loss of the meters. The 


adjusted water demand requirements are noted in Tables 3-6 for 
5/8 inch and 3/4 inch meters, using the friction loss data cited 
in NFPA 13D. 

The second possible effect of metering the sprinkler system 
entails a pressure reducing valve (PRV). PRV's are required in 
many jurisdictions by plumbing code officials for new 
construction. A PRV limits the maximum water pressure in the 
domestic water system to a preset value, typically between 60 and 
80 psi. Friction loss also results from water flow through the 
PRV. The friction loss for typical PRV's installed in single 
Family residences ranges from 10° to 15 psi for ls gpm andes 
psi EE 26 gpm. The actual friction loss will depend on the PRV 
model, water supply pressure to the valve and valve setting. 

NFPA 13D suggests that the point of cross-connection of the 
residential sprinkler system with a domestic water supply be 
before the PRV (10). This is to avoid the substantial friction 
associated with the valve. However in some instances, this may 
not be readily accomplished because of space limitations or other 
factors. The options of connecting before or after the PRV will 
be elaborated on in more detail in a subsequent section of this 
report. 

Bar graphs are provided in Figures 1-7 depicting the 
variations in the water demand requirements at the cross- 
connection point for each of the seven residences, considering 
different pipe diameters (3/4 and 1 inch CPVC) and water meter 


Sizes (5/8 and 3/4 inch). 


2.3 Available Water Supply 

The previous section described the water demand requirements 
of residential sprinkler system designs in seven dwellings. The 
domestic water system must be able to meet the demand 
requirements in order to be considered as an adequate supply 
source. 

Data on the available water supply provided by the Washington 
Suburban Sanitary Commission (WSSC) is presented in Table 7 (11). 
This data was acquired from water flow tests in the Maryland 
suburbs of Washington, D.C. This data is considered to be 
typical of that available in the Washington, D.C. area. 

According to the water authorities surveyed in the 
Washington, D.C. area, design guidelines for water distribution 
systems in new residential subdivisions specify that the static 
pressure should be pressure between 30 and 80 psi. A water flow 
rate of at least 1,000 gpm at 20 psi is dictated to meet the fire 
flow requirement. 

An attempt was made to supplement the data from WSSC by 
conducting water flow tests at numerous residences in the 
Baltimore, Maryland - wwentagtent D.C. area. The tests were 
conducted by flowing water from the garden hose outlet located on 
the exterior of the residence. The static pressure, residual 
pressure and water flow rate were recorded. However, the data 
obtained from these tests could not be accurately interpretted. 
Difficulties in interpretation were experienced since the water 
supply characteristics obtained by the test needed to be related 


to that available at the meter by a hydraulic analysis. Because 


the flow characteristics of the hose outlet valve were not known 
and the effect of the PRV (if present) could not be reliably 
quantified, a hydraulic analysis was not conducted. 

The lack of information inhibiting the analysis of the flow 
data is a noteworthy gap in the assessment of the adequacy of 
domestic water supply systems. Research is needed to properly 
characterize residential plumbing flow devices in residences so 
that homeowners can make an assessment of the adequacy of the 
domestic water supply system by performing an elementary test. 
This recommended research effort should also consider if an 
inexpensive apparatus need to be developed to facilitate 
homeowner testing of the water supply within the residence. 

2.4 Adequacy of Available Water Supply 

The adequacy of the domestic water supply can be evaluated by 
comparing the characteristics of the available water supply with 
the water demand requirements. The comparison can be performed 
based on demand and available water supply data at the point of 
cross-connection and at hydrant C, respectively. The validity of 
this. comparison is based on the assumption that the 
characteristics of the available water supply do not vary 
appreciable from the hydrant to the point of cross-connection. 

The water supply data in Table 7 from the WSSC tests can be 
compared with the water demand requirements depicted in Table 2. 
In this case, assessing the adequacy of the water supply can be 
conducted either by considering or neglecting the effects of a 
water meter. The results of this means of comparison is included 


in Figure 8. 
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2.5 Methods to Supplement Inadeguate Water Supplies 

If only the pressure is judged to be inadequate, a pump may 
be used to supplement the water supply. If both the pressure and 
flow is deficient, then a pump and tank is required to adequately 
supplement the water supply. 

For the case of NFPA 13D residential sprinkler systems with 
the comparitively low flow requirements, no pumps or tanks are 
listed solely for fire protection use. Thus, any cold-water 
booster pump with the appropriate pressure-flow relationship may 
be acceptable. In this Aaaepghh an “appropriate" pressure-flow 
relationship is one that satisfies the water demand requirements 
of the system. The capacity of the water tank must be at least 
260 gallons. A composite pump and tank assembly, including all 
necessary valves for a residential sprinkler system, is also 
available (13). 

Clark and Coutts used the characteristics of the pump in the 
composite pump and tank assembly to address the capability of the 
pump to adequately supplement a preseureederict ent water supply 
(11). The pump characteristics are noted below: 

no flow: . 50 psi 
18 gpm: 43 psi 
26 gpm: 41 psi 

Considering the PHC oecrerier ice and the water flow data 
obtained from WSSC, the pump was found to be capable of 
adequately supplementing pressure deficient water supplies. This 
assessment was performed by summing the pressure supplied by the 


pump and that provided by the available water supply system for a 


he. 


particular flow rate. For example, at 26 gpm, the supplemented 
water supply would provide 41 psi in excess of that determined 
from the WSSC data. 

The addition of a tank provides the capability of either 
supplementing a pressure and flow deficient water supply or 
independently supplying the sprinkler system. An advantage of 
using the tank to be the sole supply for the sprinkler system is 
the elimination of the need to cross-connect the domestic water 
and sprinkler systems. 

The adequacy of the pump-tank combination unit can be 
assessed by examining the water demand requirements listed in 
Table 1. The combination unit can adequately supply the 
residential sprinkler systems which include all 1 inch pipe. The 
residences with sprinkler systems using 3/4 inch pipe not 
adequately supplied by the pump-tank combination are listed in 
Table 8. All of the residences listed in Table 8 are two story 
models having the greatest elevation change from the point of 
Sone connec Tanne the uppermost sprinkler head of any included 
in this study. The inadequacy could be greatly alleviated if the 
pump-tank combination unit was installed in the attic or on the 
second story of the residence to eliminate the elevation head 
loss. However, placement of the water tank in the attic or 
second story could necessitate a modification in the design of 
the structure to accomodate the additional load imposed by the 


filled water tank. 
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3. RESIDENTIAL SPRINKLER SYSTEM INSTALLATION COST 
ac. | Cost ‘Estamation Methods 

A principal portion of a study of cost-effectiveness involves 
determining the cost of a system. Previously presented estimates 
of the cost of a sprinkler system installed in a residence have 
been based on one of three approaches (7): 


a) construction cost estimating technique, considering each 
component. 


b) engineering judgement. 

c) rule-of-thumb guidelines. 

A component construction cost estimating technique considers 
the sum of the material and labor costs associated with each 
system component. The cost resulting from this technique is 
expressed in terms of a total system cost, which may be 
normalized with respect to the overall construction cost or 
living space area of the dwelling. Such a method for developing 
cost estimates for a residential sprinkler system was used by 
Rolf Jensen and Associates (RJA) (14). Components considered in 
the analysis included typical sprinkler system components such as 
Piping, sprinkler heads, and a control valve in addition to 
special components such as a larger water service meter and 
booster pump to supplement a marginal municipal water supply. 
These costs can be modified to account for design and permit 
fees, local economic conditions, etc. } 

Estimates based on engineering judgement have been presented 
in numerous publications (7). As with the component cost 
estimating technique, costs may be presented in terms of a total 


system cost or cost per square foot (15,16). With this 
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estimating technique, typically the projected cost is insensitive 
to housing design, design parameters of the sprinkler system and 
water supply characteristics. 

Finally, the rule-of-thumb approach expresses the cost of a 
residential sprinkler system as a percentage of the total 
construction cost. Previously suggested rule-of-thumb estimates 
project the sprinkler system cost to range from one to two 
percent of the overall construction cost. As with the 
engineering judgement based estimates, the rule-of-thumb 
estimates are insensitive to housing design, design parameters of 
the sprinkler system and water supply characteristics. 

Based on the discussion in section 2 of this report, the cost 
of a residential sprinkler system would appear to be strongly 
dependent on the available water supply. In situations where the 
municipal supply is marginal or nonexistant, the design must 
account for the supplemental means needed to offset the water 
supply deficiencies (7,14). As a result, it would appear that 
the rule-of-thumb guidelines previously presented for estimating 
the cost of a residential sprinkler system may be inappropriate 
where the water supply is deemed inadequate. 

3.2 Application of Component Cost Method 

Adams and Born (17) used the component cost method to 
estimate the installation cost of the sprinkler systems for the 
seven residences designed by Clark and Coutts (11). The 
estimates were based on the installation costs for a new 
residence. Adams and Born expanded the analysis beyond that 


considered by Clark and Coutts by including five different pipe 
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types: 3/4 and 1 inch CPVC, 3/4 and 1 inch polybutylene and 1 
inch schedule 10 steel for levels other than the basement (17) (1 
inch scheduled 10 steel was used in the basement). 

Components lists were compiled for each residence and pipe 
type, @.g. one component list was formulated for the three 
bedroom ranch house with 3/4 inch CPVC pipe. Material costs for 
each component were obtained from price lists supplied by local 
distributors to residential sprinkler system contractors. The 
Means Mechanical Costs Data was used to obtain price information 
on components if such information was not otherwise available 
(18). This reference was also used to estimate all labor 
expenses, rather than use rule-of-thumb estimates that may be used 
by contractors. A 35 percent surcharge was added as the typical 
mark-up for profit by the contractor as recommended by the Means 
reference (18). 

Material, labor and profit costs from the Adams and Born 
analysis for the seven residences are included in Figures 9-15. 
Material, labor and profit costs are summed to determine the 
sprinkler system cost if installed by a contractor. If installed 
by the homeowner, only the material costs are included to 
estimate the cost of the sprinkler system. 

As indicated in Figures 9-15, the material costs are not 
affected by who the installer is, i.e. contractor or homeowner. 
In reality, contractors typically purchase materials from 
distributors at appreciable discounts. In addition, a homeowner 
may not be able to readily acquire threaded steel pipe, at 


specified lengths without paying a surcharge. Further, cutting 


“as 


and threading schedule 10 steel pipe may be beyond the capability 
of many homeowners, even if the appropriate tools are acquired. 

The installation costs of a pump and tank to supplement the 
water supply were also examined by Adams and Born. These are 
noted in Figures 9-15 as being a fixed cost, i.e. independent of 
the residence, pipe diameter type, or installer. The cost of the 
pump was estimated as $551, based on the Means book (18). The 
cost of the tank was selected as $210, also based on the Means 
book (18). 

Cost items other than those previously noted also may be a 
part of the actual total installation cost. Additional costs 
will be incurred if a double check valve or backflow preventer is 
required by the local water authority or plumbing code official. 
A water meter with an increased diameter may be necessitated due 
to hydraulic considerations. Cost estimates of water meters, 
double check valves and backflow preventers are included in 
section 4 of this report. Miscellaneous additional costs which 
may be applicable include tie in fees assessed for the 
interconnection to the municipal water supply, permit fees, 
design fees and inspection fees. 

3.3 Cost Estimation Guidelines 

Cost estimation guidelines were developed by Adams and Born. 
Graphs are presented in Figures 16-20 depicting the total 
installation cost versus the total floor area for each of the 
five pipe types. The installation cost includes the material, 
labor and profit costs as estimated by the component cost method. 


Special fees and the cost of the tank and pump are not included. 
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A linear regression analysis was conducted on the data 
presented in Figures 16-20. Correlations resulting from the 
analysis are presented in Table 9. A procedure for estimating 
the installation cost of residential sprinkler systems using the 
correlations, including the cost of a pump and tank if necessary, 


is presented in Table 10. 


4. COST EFFECTIVENESS OF DESIGN OPTIONS 

The two design options addressed in this report are large 
diameter pipe and self-contained systems. Numerous other options 
could be considered, such as pipe configuration, more extensive 
use of sidewall heads, etc. These other design options are not 
addressed in this report as they were considered to have less 
impact on the overall system cost-effectiveness than the two 
selected options. 
4.1 Cost Effectiveness of Large Diameter Pipe 

The hydraulic analysis and cost estimates have been presented 
for residential sprinkler systems with 3/4 and 1 inch CPVC pipe. 
The demand pressures noted in Table 1 can be compared for systems 
with 3/4 and 1 inch CPVC pipe in the seven residences. The 
difference in the demand pressure ranges from 5 to 10 psi for one 
operating sprinkler and 9-18 psi for two operating sprinklers. 

The installation cost for the 3/4 inch CPVC pipe is less than 
that for the 1 inch CPVC pipe in each of the seven residences. 
According to the correlations presented in Table 9, the 
installation cost of a residential sprinkler system with 3/4 inch 


CPVC pipe is less than that associated with the 1 inch CPVC pipe 


hit. 


for any dwelling (as long as the total floor area is in excess of 
924 SCO sey titer Pes 

The additional cost associated with the use of 1 inch CPVC 
pipe can be justified if a reduction in the water demand pressure 
at 18 or 26 gpm.is needed. A reduction in the water demand 
pressure may be necessitated if the available water supply system 
is inadequate. 

As an alternative to the 1 inch CPVC pipe, 3/4 inch CPVC pipe 
may be used with a pump. In this case, the supplemented water 
supply should most likely be capable of delivering 18 gpm and 26 
gpm at the respective demand pressures. However, the additional 
cost of the pump results in the system with 3/4 inch CPVC pipe 
being more costly for any residence with a floor area of less 
than 3,320 sq. ft., according to the correlations presented in 
Tablenl0% 

Residential sprinkler systems with 1 inch polybutylene (PB) 
pipe are less expensive than systems with 3/4 inch PB pipe for 
any residence with a floor area of less than 3,980 sq. ft. This 
observation is counter-intuitive and is attributable to the 
additional cost of fittings for the 3/4 inch PB system based on 
the information available (17). Thus, since the 1 inch PB pipe 
performs better hydraulically and is less expensive for most 
residences, the 1 inch PB pipe appears to be the more cost- 
effective of the two sizes of PB pipe. 

A hydraulic analysis was not performed for designs with PB 
pipe or steel pipe. These additional hydraulic analyses were not 


conducted since the friction loss through the pipe sections for 
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CPVC was not observed to be substantial. Thus, changes in pipe 
composition would appear to have little impact on the overall 
friction loss, thereby having a second-order effect on the water 
demand requirement. 

4.2 Cost Effectiveness of Self-Contained Systems 

Self-contained residential sprinkler systems are not 
connected to the domestic water supply system. A pump and tank 
are needed in a self-contained system to provide the water flow 
rate, pressure and duration required. by. NEPA 3De(10,).. £A.list.of 
residences not adequately supplied by 3/4 inch CPVC, pump and 
tank is included in Table 8. As previously noted, the 
deficiencies could be appreciably reduced if the tank and pump 
is located in the attic or on the second floor. 

The cost of the pump and tank is $761. Correlations to 
estimate the cost of a self-contained system can be developed by 
adding $761 to those listed in Table 9. One advantage of a 
self-contained system is the elimination of the need for a larger 
meter (to reduce friction loss) and a backflow prevention device. 
Cost estimates for 3/4 and 1 inch meters and backflow prevention 
devices are listed in Appendix C based on information provided by 
local distributors and the Means book (18). 

A self-contained system with 3/4 inch CPVC pipe is less 
expensive than a residential sprinkler system cross-connected to 
the domestic water supply with a 3/4 inch meter, 3/4 inch double 
check valve and 1 inch CPVC pipe for any residence greater than 
2900 sq. ft. in floor area. The floor areas at which the 3/4 


inch CPVC pipe, self-contained system becomes less costly than a 
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cross-connected system with 1 inch CPVC pipe and different meter 
sizes and backflow prevention devices and sizes are noted in 
TapLewrrs 

Some fees may be included for sprinkler systems cross- 
connected to domestic water systems. If additional fees apply, 
the floor area will decrease from that noted above at which point 
self-contained sprinkler systems become less costly. 

The cost of self-contained sprinkler systems can also be 
compared to that for a cross-connected sprinkler system with a 
pump, increased meter size and a backflow prevention device. The 
self-contained system with 3/4 inch CPVC pipe is approximately 
$70 less costly than a cross-connected sprinkler system with 3/4 
CPVC pipe, a 3/4 inch meter and 3/4 inch double check valve. The 
difference increases to $130 if a backflow preventor is used 
instead of a double check valve on the cross-connected system. 

In this case, to compare the cost effectiveness of the self- 
contained sprinkler system with the cross-connected sprinkler 
system with a pump, the importance of the limited water flow 
duration (10 minutes) of the self-contained system must be 
assessed. This assessment will need to consider the objectives 
of the residential sprinkler system. If the sole objective is 
life safety of the occupants, then a 10 minute flow duration 
likely would be sufficient and the self-contained system would be 
more cost effective. However, if property protection is an 
objective, then a water flow duration in excess of 10 minutes may 


be desirable. 
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5. SUMMARY 
An investigation of the cost effectiveness of residential 
sprinkler systems has been conducted in two phases. First, water 
demand requirements for residential sprinkler systems in seven 
residences were:determined and compared with data describing the 
available water supply in the Baltimore, Maryland - Washington, 
D.C. area. Second, the installation cost of the residential 
sprinkler systems was estimated for homeowner or contractor 
installed systems. 
The following conclusions resulted from this ib eSClG aed on: 
1. A technique was developed to determine the cost 
effectiveness of methods to alleviate water supply 
deficiencies for residential sprinkler systems. 
2. A pump can adequately supplement a pressure-deficient 
domestic water supply to serve a residential sprinkler 


system. 


3. A pump-tank combination unit can adequately supply a 
self-contained residential sprinkler system. 


4. Using 1 inch CPVC pipe is more cost-effective that 3/4 
inch CPVC pipe with a pump for residences less than 3,320 
sq. ft. in floor area. 


5. Self-contained residential sprinkler systems are as cost- 
effective as residential sprinkler systems cross- 
connected to a domestic water suply for providing life 
safety to the occupants. 


6. Additional research is needed to develop a means of 
assesSing the characteristics of an existing municipal 
water supply to determine if such supply is adequate for 
a residential sprinkler system. 
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Table 1 Water Demand Requirements (PSI) at 


Residence 
Ranch-3 Bedroom 
(Style 1) 


Ranch-3 Bedroom 
(Style 2) 


Colonial-3 Bedroom 
Colonial-5 Bedroom 
Townhouse-2 Bedroom 
Townhouse-3 Bedroom 


Split Level- 
3 Bedroom 


Cross-Connection Point 


3/4 inch CPVC Pipe 


One Two 
Qperating Operating 
Sprinkler Sprinklers 

32.51 2847 
40.8 38.9 
44.2 47.8 
45.4 44.4 
Sones 43°50 
43.4 49.4 
Sore 346 0 
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lL inch: CPV. Pime 


One Two 
Operating Operating 
Sprinkler Sprinklers 

aT2 19.2 
3007 23h 
36.6 3285 
34.7 Ze 
Slee? 2 dae 
85°33 31.6 
Bar Zao 


Table 2 Water Demand Requirements (PSI) at Hydrant 


3/4 inch CPVC Pipe . inch) GPVG Pip 
One Two One Two 
Operating Operating Operating Operating 
Residence Sprinkler Sprinklers Sprinkler Sprinklers 
Ranch-3 Bedroom 38.4 39.4 33.6 29.9 
(Style 1) 
Ranch-3 Bedroom ZU pl 49.6 a6) 1 33.9 
(Style 2) 
Colonial-3 Bedroom 50.8 S6% oF 42.9 4 od 
Colonial-5 Bedroom ak Gig Sac 41.0 385 
Townhouse-2 Bedroom 44.5 Sgro 3820 37.9 
Townhouse-3 Bedroom 49.7 60.1 42.1 AOr3 
Split Level- 44.4 44.7 3720 Ei 


3 Bedrooin 


“Friction Loss Through Meter Neglected. 


Pp 


Table 3 


Residence 
Ranch-3 Bedroom 
(Style 1) 


Ranch-3 Bedroom 
(Style 2) 


Colonial-3 Bedroom 
Colonial-5 Bedroom 
Townhouse-2 Bedroom 
Townhouse-3 Bedroom 


Split Level- 
3 Bedroom 


Water Demand Requirements (PSI) at 
Cross-Connection Point with 5/8 inch meter. 


3/4 inch CPVC Pipe 


One Two 
Operating Operating 
Sprinkler Sprinklers 

co iy ih 46.7 
49.8 56.9 
See 65.8 
54.5 62.4 
47.2 61 ..0 
5 aie A 67.4 
Aft SZ iG 
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a inch CPVC Pige 


One Two 
Operating Operating 
Sprinkler Sprinklers 

o6.3 Wy Pr 
Chri Pa 
45.6 50 
43.7 45.7 
40.7 45.2 
44.8 49.6 
40.5 41.5 


Table 4 


Residence 
Ranch-3 bedroom 
(Style 1) 


Ranch-3 Bedroom 
(Style 2) 


Colonial-3 Bedroom 
Colonial-5 Bedroom 
Townhouse-2 Bedroom 
Townhouse-3 Bedroom 


Split Level- 
3 Bedroom 


Water Demand Requirements (PSI) at 
Cross-Connection Point with 5/8 inch meter. 


3/4 inch CPVC Pipe 


One Two 
Operating Operating 
Sprinkler Sprinklers 

SOL shy 4 
44.8 56.8 
48.2 56.6 
49.4 ace.) 
42.2 pPhene) 
47.4 58.4 
AZeL 43.0 


eH 


Jt phegeh yl 


One 
Operating 


Sprinkler 


Ciaby ie 


GPVECPID 


Two 
Operating 
Sprinklers 


Table 5 Water Demand Requirements (PSI) at Hydrant* 


3/4 inch CPVC Pipe 1 inch CPVC Pipe 
One Two One Two 
Operating Operating Operating Operating 
Residence Sprinkler Sprinklers Sprinkler Sprinklers 
Ranch-3 Bedroom 47.4 ay erie." 42.6 47.9 
(Style 1) 
Ranch-3 Bedroom es be pk 67.6 45.1 i ha 
(Style 2) 
Colonial-3 Bedroom 59.8 74.8 51.9 59.4 
Colonial-5 Bedroom 60.7 VS 50.0 56. 
Townhouse-2 Bedroom 53.5 7 aly: 47.0 55.9 
Townhouse-3 Bedroom 58.7 Paseo oy yey 60.3 
Split Level- 5354 6257 46.8 S2ua 


3 Bedroom 


* Friction loss through 5/8 inch meter included 
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Table 6 Water Demand Requirements 


Residence 
Ranch-3 Bedroom 
(Style 1) 


Ranch-3 Bedroom 
(Style 2) 


Colonial-3 Bedroom 
Colonial-5 Bedroom 
Townhouse-2 Bedroom 
Townhouse-3 Bedroom 


Split Level- 
3 Bedroom 


3/4 inch CPVC Pipe 


One Two 
Operating Operating 
Sprinkler Sprinklers 

42.4 48.4 
sii oak 5372.6 
5 Ano 6555 
5a, 64.2 
48.5 62.8 
See TI) 69.1 
48.4 awed 


at Hydrant* 


1 inch CPVC Pipe 


One Two 
Operating Operating 
Sprinkler Sprinklers 

Beto 38.9 
40.1 42.9 
46.9 50.4 
45.0 47.5 
42.0 46.9 
46.1 52.3 
41.8 43 72 


* Friction loss through 3/4 inch meter included 
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Table 7 


SUB-DIVISION: 


STATIC: 87 
RESIDUAL: , 79 
PITOT: 78 


GPM @ 20 PSI: 


SUB-DIVISION: 


SsLATIC: BS 
RESIDUAL: 22 
ET TOn: 


GPM @420 PSI: 


SUB-DIVISION: 


STATIC: 48 
RESIDUAL: 42 
PHTOU: 42 


GPMBCe 20 Pol: 


SUB-DIVISION: 


STATIC: 47 
RESIDUAL: 38 
Bult Odes 18 


GPM Ri Z0g bs iss 


SUB-DIVISION: 


SAL vee 52 
RESIDUAL: 29 
PaO: Z5 


GEM Cr 2 Oger or: 


SUB-DIVISION: 


STATIC: 25 
RESIDUAL: 16 
EEO: 6 


GPM G20 SPST 


Municipal Water Supply Data 
Gaithersburg 
psi 
‘psi 


psi @ 1480 gpm 
4600 gpm 
Hillmeade Manor 


psi 
psi 


< 2 psi @ 240 gpm 


248 gpm 
Landover 


psi 
psi 
psi @ 1090 gpm 
2504 gpm 
High Bridge Estates 


psi 
psi 
psi @ 710 


gpm 
1285 gpm 
Bowie 


psi 
psi 
psi @ 840 


gpm 
1004 gpm 
Camelot 

psi 


psi 


psi @ 410 gpm 


298 gpm 
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SUB-DIVISION: College Park 


STATIC: E12 “psi 
RESIDUAL: 64 psi 
PITOT: 34 psi @ 995 gpm 


GPM @ 20 PSI: ° 1415 gpm 


eH 


Table 8. Residential Sprinkler Systems with Water 
Demand Requirements Exceeding Pump Capabilities* 


One Operating Sprinkler Head 


Colonial - 3 bedroom 
Colonial - 5 bedroom 
Townhouse - 3 bedroom 


Two Operating: Sprinkler Systems 
Colonial - 3 bedroom 
Colonial - 5 bedroom 
Townhouse - 2 bedroom 
Townhouse - 3 bedroom 


*All sprinkler systems have 3/4 inch CPVC pipe. 


ae 


Pipe Type 


3/4 inch CPVC 
me ernchCevVc 
3/4 inch PB 

1 inch PB 

1 inch Steel 


Pipe Type 


3/40 neh CPVC 
 rnche CPVC 
3/4 inch PB 

1 inch PB 

1 inch Steel 


Where: 


Table 9 Cost Estimation Correlations 


Contractor - Installed 


Correlation 
Ci=6 1-2 06An+e279 
CCS. 2Z3A tz 6. 
Crear 1-07 Amtes53 
C = 1.10 e254 
Ca=ald 37 Atte 381 


Homeowner Installed 


Correlation 
C = 0.18A + 
C = 0.26A + 
Ce= "OS 16A + 
Cl="020A + 
€ =H02LOAP+ 


A = total floor area of residence 


c 


enstallation cost (S$) 


a3 


Esa. Lt) 


ah 
230 
266 
190 
Ley) 


Correlation 
Coefficient 


0.96 
0.98 
0225 
0.96 
0.99 


Correlation 


Coefficient 


0.95 
OE93 
0.91 
Bhat Mf 
eh 


Table 10. Procedure for Estimating Residential Sprinkler 
System Installation Cost* 
1. Enter total floor area of residence 
2. Enter factor X (see Table 10.1) 
3 my Mulipiply tlineeleby. line 2 
4. Enter factor Y (see Table 10.1) 
5. Subtotal. Add line 3 and line 4 
6. IS a pump necessary? 
If yes, enter $551. Otherwise 
enter 0 and continue to one 7. 
7. %$rIs a tank necessary? 
If yes, enter $210. Otherwise 


enter 0 and continue to line 8. 


8. Total Cost. Add lines 5, 6 and 7 


Table 10.1. Estimation Factors 


Pipespescrioeron Factor X Factores 
3/4 inch CPVC 1.06 229 
Pe LncheGry.c ees 263 
3/4 inch PB Le (ely 253 
ius be slegel Ie el O 234 
ieinch stecs SS 381 


*Estimated cost is for a contractor-installed system using one of 
the 5 pipe types listed in Table 10.1 
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Table 11 Marginal Floor Area for Self-Contained Residential 
Sprinkler System 


Backflow Prevention Device and Meter PIOOreALGa GSO wert. ):* 
3/4 inch double check valve and meter 2,900 
3/4 inch backflow preventer and meter 2,420 
1 inch double check valve and meter 2,540 
1 inch backflow preventer and meter . a7. 930 


* Floor area noted is the minimum area for self-contained 
residential sprinkler system to be less expensive that 
residential sprinkler system connected to domestic water 
supply with noted backflow prevention device and meter 
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Figure 1. Water Pressure Demand Requirements for Ranch House, 
Style: 17 a3) Bedrooms. (14402 Sea ca) 
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Figure 2. Water Pressure Demand Requirements for Ranch House, 
Style 2, 3 Bedrooms (2,140 Oe hye gh BL 
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Figure 3. Water Pressure Demand Requirements for Colonial House, 
3 Bedrooms (2,168 sq. ft.) 
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Figure 4. Water Pressure Demand Requirements for Colonial House, 
5 Bedrooms (3,480 sq. ft.) 
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Figure 5. Water Pressure Demand Requirements for Townhouse, 2 
Bedrooms (1,690 sq. ft.) 
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Figure 6. Water Pressure Demand Requirements for Townhouse, 3 
Bedrooms (3,360 sq. ft.) 
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Figure 7. Water Pressure Demand Requirements for Split Level 
House, 3 Bedrooms (1,945 sq. ft.) 
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Comparison of Water Demand and Available Water 
PReessuces 
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Available 
Water Supply 
Range 


CONTRACTOR INSTALLED 


Nuwber of systems systeags overhead TOTHL cost cost TOTAL COST = TOTn. COST 

sprk. heads at. cost iabdor cost & protit COST per head per sq.it. (pusp} (pusp & tank) 
i3/4i “CRC 43 301.00 bo0.00 473.00 1637.00 141.31 1.25 2366.00 2538.00 
(1)* Crve 13 696.00 952.00 550.00 2144.00 164.92 1.45 2655.08 2905.00 
(3/4)" FB 13 4B5. 00 5u7.00 487.00 1065.00 145.00 leet 2430.00 2640.00 
he a 13 SRI 856. 06 486.00 574.00 144.15 i.26 2425.00 2655.00 
il)*sch.dy 13 329.00 153.002 " 6ol.00)  (Z5)7. 0G" 195515 1.05 3062. 00 3272.00 


Steel pipe 


GHNER INSTALLED 


i3/4)" CP¥C 43 ui.00) | ygeseeem eaeae 501.00 38.54 0.34 B55. bu 794.00 
he CRYE 13 Baecd0. | a) essee=g) Geewens 056.00 Su.4b 0.45 170. 00 1077.00 
i3/4)* Fo 13 o6¢, 0008 |eice >= -s ieee == 469.00 37.62 0.35 B23.00 932. 00 
ity” Pb 13 PRI roma? 3 ae 320.00 $0.77 v.56 Bod. Ul 373.00 
idP* scnslu 3 S2,U0 Ep a= <2 pesos 329.00 25.5% 0.22 663. 00 772.6u 


Steel pipe 


Dini Eo 
Rane Family Room 
rele) 
0O % 


Barer ime 


Living Room 


CRoP 
PenounT —w 
SP htm tR 


Figure 9. Cost Summary for Ranch House, Style 1, 3 Bedrooms 
Civ 4aB2 sd .0 fb eli lear) 
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CONTRACTOR INSTALLED 


et ts 


nuaber of systeas systeus overtiead TOTAL cost cost TOTni COST 

sprk. heaugs wat. cost Jabor cost & protit COST per head per sqy.tt. (puup) 
(3/4) "CFC 16 567. Ue $092.00 565.00 2267.00 125.74 1.0 2618.00 
(1)" Cree 18 Té4.00 1183.00 668.00 = Tod5.00 | 147.50 1.24 3206, 00 
(3/4) “PE 1B 70.00 1159. 00 607.00 2342.00 150.11 1.05 7655, vl 
(1)" Fk 18 "017.00 1082.00 9975.00 2294.00 127.44 1,0? 2845.05 
(1)*sch.iv 18 367.00 1507.69 797.00 S073.00 «170.72 1.45 3e24.00 


steel pipe 


OWNER INSTALLED 


(3/4)" CPVe 18 Sora) | Sah OP. ee 587.00 32.61 0.27 921.00 
1)" CPC 16 764.0 | tase? Weiea=-= 764.00 ° 43.50 0.3 1115.00 
(3/4)" FB 16 CRU eo ee or a7o.00 = 32.00 0.27 510.00 
(1)" PB 16 Shee Sas as= | etaan = 617.06 = 34,24 b.27 951.00 
(1o" schelo 46 Gish a easaas) ) a—aa=s< 307.00 20.39 6.17 701.00 


steel pipe 


‘aaioens aaa ereeses SS 
[_}_——$$$_—— -! j 1 

(Stok TH TS 

Bedroom Disiagreom. ; Kilches 
HD ‘ 
(oy 
' 

1‘ 
im | | 
1! 
BRAPKLH LidES ey felt ; Family Room 


o_ig 7 -— 


yj vara A 
SPRinK 
| Se 
Living 
Room 
Garage 
Master ie vo 
Bedroom 
\ 6 Cave eee I 
se obiayed be cogil | | Ranch-2 
SK: _ 3 Bedroom 
: 
| =! il —_ 


ToTwL COST 
(puop & tank) 


L028. 00 


eS, 
3416.00 


1030, 00 
1227.60 
1019.u0 
Ivou.uv 


610.00 


Figure 10. Cost Summary for Ranch House, Style 2, 3 Bedrooms 
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CONTRACTOR INSTALLED 


(3/4, "Crve 
id)* CFV 
(3/4)" Pb 
Se a: 


(1) "sch. Jo 
steel pipe 


Nusber of 
sprk. heads 


19 


19 


OWNER INSTALLED 


i3/4)* PE 
{1)" PB 


(1o* sch.1o 
steel pipe 


Figure ll. 
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systeas 
wat. cost 


e 
ecrv « 
dive v6 


579.00 


376.00 


Colenial 
3 Bedroom 


systems 
labor cost 


1351.00 
1445.00 
1439.60 
1376.00 


1706.00 


(Qe 68usd lentes) 


cvernead 
& profit 


677.00 
751.00 
F400 
084.00 


620. 00 
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TOTAL 
cosT 


2611.09 


2876.00 


2678. 00 
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(dbl 7) 


TOThL COST 
spusp & tank) 


3400.00 


9AR 


3925.00 


1012. v6 


617.00 


Nuaber of Systeas systeas overbead = iOTHi cost cost TOTmi COST «= TOTAL C057 
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Figure 12. Cost Summary for Colonial House, 5 Bedrooms 
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CONTRACTOR INSTALLED 
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Figure 13. Cost Summary for Townhouse, 
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2 Bedrooms 
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Figure 14. Cost Summary for Townhouse, 3 Bedrooms 
(Sas DORSC. melo) in Le 
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CONTRACTOR INSTALLED 
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Figure 15. Cost Summary for Split Level House, 3 Bedrooms 
(15 945¢sq (£0 .)* (lies 
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INSTALLATION COST ($) 
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Figure 16. Total Installation Cost versus Floor Area (3/4" CPVG) 
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Figure 17. Total Installation Cost versus Floor Area Cy" CPVC) 
52 


o Constractor-Installed 
x Homeowner-Installed 


5000 


4000 


uu oyeecontastacts aa 


PH 
PEPPERS EH OP atees 


PEPE : firh tel ote) Di 
ol 7 eS aeEE 


eeeeee EE Seatnee: 


3000 
pekhrah tl toed cafe] aeler| 
PEreSrr Ter Blt ice 
BEE EEE EEEEHEEE pede fret tes 
RES RREE RSMo 
Late poking ont 


INSTALLATION: COST ($) 


2000 


1000 


TOTAL FLOOR AREA (SQ. FT.) 


Figure 18. Total Installation Cost versus Floor” Area (3/4" PB) - 
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Figure 19. Total Installation Cost versus Floor Area (1" PB) 
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Figure 20. Total Installation Cost versus Floor Area (1" 
Schedule 10 Steel) 
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APPENDIX B 


Table 4-4.3 (d) 
Pressure Losses in Water Meters 


Pressure Loss (psi) 


Meter Flow (gpm) 

(Inches) 18 23 26 31 39 52 
5/8 9 14 18 26 : - 
3/4 4 8 9 13 nf x 

] 2 | x) 4 6 10 
1-1/2 he ] Z 2 4 7 
9 ss ss ss l wy 3 


NOTE: Lower pressure losses may be used when supporting 
data is provided by the meter manufacturer. 

* Above maximum rated flow of commonly available meters. 
** Less than | psi. 


For SI Units: 1 gpm = 3.785L/min; ] in. = 25.4 mm 


from NFPA 13D (10) 
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